The essential oil compositions of the rhizomes of Cyperus conglomeratus (Cyperaceae) collected from Oman and the leaves of two Annonaceae plants, Desmos chinensis var. lawii and Cyathocalyx zeylanicus collected from India were studied by GC, GC-MS and 13 C NMR spectroscopy. Twenty-six compounds, representing 84.4% of the oil were identified in C. conglomeratus, where eugenol (31.3%), α-cyperone (10.5%) and cyperotundone (8.4%) were the major compounds. Twelve compounds, constituting 100%, were identified in D. lawii oil, of which benzyl benzoate (58.7%), -caryophyllene (23.2%), limonene (4.9%) and -humulene (4.0%) were the major constituents. Thirty-two compounds, comprising 98.0%, were identified in C. zeylanicus oil, of which -caryophyllene (21.6%),-pinene (20.4%) and E--ocimene (11.8%) were the major components. The antibacterial and antifungal activities of the oils were tested against a panel of five bacterial and two fungal strains. The oils showed moderate activity against all the tested microbial strains. The minimum inhibitory concentrations of the oils were also determined.
Many Cyperus species, especially C. rotundus are widely used in traditional medicine around the world to treat stomach ailments, wounds, boils and blisters [1] and their rhizome oils have been reported to be bioactive [2, 3] . C. conglomeratus Rott. (Cyperaceae) is a perennial plant, distributed in the dry regions of Africa, Arabia and South East Asia. This plant is common and widespread on the coastal sandy areas of Oman and grows up to 50cm in height [4] . Earlier phytochemical reports on C. conglomeratus deal with the presence of flavan and stilbene derivatives [5] [6] [7] [8] , but no studies are available on the volatile oil of this plant.
Desmos chinensis var. lawii (Hook. f. & Thomson) Tien Ban {synonym: D. lawii (Hook. f. & Thomson) Saff}, a climbing shrub belong to the Annonaceae family, is endemic to India [9] . Another variety of the same species, distributed in India and China, D. chinensis var. chinensis [9] , is a widely investigated species from the Chinese flora and different flavonoids have been reported for this plant [10, 11] . There is little known about either the phytochemistry or ethnobotanical uses of D. chinensis var. lawii. Cyathocalyx zeylanicus Champ. ex Hook. f. & Thomson is a tree native to India and Sri Lanka [9] . Earlier phytochemical studies of this species resulted in the isolation of clerodane diterpenoids [12] and azafluorenone alkaloids [13] .
The composition and antimicrobial activities of the essential oils of the title plants were studied for the first time and the results are reported here.
A light yellow oil obtained by hydrodistillation from the rhizomes of C. conglomeratus was analyzed by GC and GC-MS. The gas chromatogram showed 40 constituents, out of which 26 compounds, representing 84.4% of the oil, were identified ( Table 1 ). The major constituents were eugenol (33.3%), -cyperone (10.5%), cyperotundone (8.4%), -pinene (4.5%), globulol (4.4%), transpinocarveol (3.6%) and cyperene (3.0%). Two phenyl propanoids, eugenol (31.3%) and eugenol acetate (1.4%), constituted 32.7% of the oil, 13 sesquiterpenoids 33.4%, and 11 monoterpenoids 18.2%. The presence of eugenol, the principal component, was further confirmed from the 13 C NMR spectrum of the oil, which showed the characteristic signals of eugenol [14] .
The majority of the Cyperus species studied are reported to contain different guaiane, caryophyllene and eudesmane derivatives as their major constituents [15] [16] [17] [18] [19] [20] [21] [22] [23] . Hydroazulene derivatives, such as guaiane, are characteristic metabolites of Cyperus species. C. conglomeratus oil in the present study resembled other Cyperus oils in terms of their hydroazulene compounds, such as -cyperone, cyperotundone and cyperene. To the best of our knowledge, the presence of eugenol and their derivatives as major compounds in volatile oils of Cyperus species seems to be rare. Therefore, the predominance of eugenol as the principal component in the oil can be considered as a characteristic feature of C. conglomeratus rhizome oil.
The gas chromatogram of D. chinensis var. lawii oil detected twelve compounds, all of which were identified and listed in Table 2 . The oil contained different categories of constituents, which include aromatic compounds (59.0%), sesquiterpenoids (28.8%), monoterpenoids (10.4%) and aliphatic compounds (1.8%). The principal component of the oil was benzyl benzoate (58.7%); other major compounds were -caryophyllene (23.2%), limonene (4.9%) and -humulene (4.0%).
Three Desmos species were studied from Australia for their leaf volatile constituents, of which D. goezeanus and D. spp. showed NPC Natural Product Communications 2012 Vol. 7 No. 5 663 -666 benzyl benzoate as the major constituent, whereas the third one, D. wardianus showed -pinene as the major component, with minor amounts of benzoic acid esters [24] . Ethyl benzoate and phenylmethyl benzoate were identified as the main components in the oils from D. cochinchinensis, D. grandifolius and D. yunnanensis, and as minor components from D. dumosus [25] . Therefore, the presence of aromatic esters seems to be a common feature of Desmos leaf essential oils.
The gas chromatogram of C. zeylanicus leaf oil showed 37 compounds, out of which 32 comprising 98.0% of the oil, were identified ( Table 3 ). The identified constituents were exclusively terpenoids, with 22 sesquiterpenoids (54.4%) and 10 monoterpenoids (43.6%). Sesquiterpene and monoterpene hydrocarbons predominated in the oil, forming 48.3% and 38.1%, respectively. The major compounds in the oil were-caryophyllene (21.6%), followed by-pinene (20.4%) and E--ocimene (11.8%).
Identification of the major compounds in the D. chinensis var. lawii and C. zaylanicus oils were further confirmed by the presence of their characteristic signals [14] in the 13 C NMR spectra of the oils. The antibacterial and antifungal activities of the oils were tested against five bacterial and two fungal strains by the disc diffusion method, and the minimum inhibitory concentrations (MIC) were Essential oil compositions and antimicrobial activity Natural Product Communications Vol. 7 (5) 2012 665 determined by the micro broth dilution method. The oils exhibited moderate broad spectrum antimicrobial activities in a concentration dependent manner.
The activities of C. conglomeratus oil at 2 mg/disc were comparable with those of the standard drug gentamycin at a concentration of 20 g per disc against all the tested strains of bacteria ( Table 4 ). The antifungal activities at 2 mg/disc were either higher than or comparable with the standard drug mucanazol at 20 g/disc ( Table 5 ). The MIC, as well as the zone of inhibition, showed higher activity against Bacillus subtilis. The significant antibacterial and antifungal activity of the oil could be rationalized in terms of the high percentage of eugenol in the oil.
The minimum inhibitory concentrations of the oils of D. chinensis var. lawii and C. zeylanicus vary from 63 to 250 mg/mL for the bacterial strains and the results were similar for both the oils (Table  6 ). Significant activity was observed for both oils at 1mg/disc against the tested fungal strains, especially against Candida albicans, comparable with the standard drug muconazol at 20 g/disc (Table 7) . 
Essential oil isolation:
The oils were isolated by hydrodistillation of 300 g fresh plant material, each using a Clevenger-type apparatus for 3 h. The collected oil samples were dried over anhydrous sodium sulfate and stored at 2°C until analyzed. The oil yields were 0.13, 0.16 and 0.15%, v/w for C. conglomeratus rhizomes, D. chinensis var. lawii leaves, and C. zeylanicus leaves, respectively.
GC and GC/ MS analyses:
Gas chromatographic preliminary analysis was carried out using a HP 5890 gas chromatograph equipped with FID detector and HP-1-cross-linked methyl silicone gum capillary column (25 m x 0.32 mm x 0.52 m film thickness). The injector and interface temperatures were kept at 275°C and 300°C, respectively. The split ratio was 1:23. The oven temperature was programmed from 70°C to 270°C at a rate of 3°C/min. Helium was used as the carrier gas with a linear velocity of 74.6 cm/s and the total flow rate was 39.9 mL/min. Gas chromatography mass spectrometry utilized a Shimadzu model (GC-MS-QP/ 5050A) instrument equipped with a HP-5 (5%-phenyl/95% dimethylpolysiloxane) fused silica capillary column (30 m x 0.32 mm x 1.0 m thickness), and interfaced with a quadrupole mass spectrometer. Oven temperature program, injector temperature and split ratio were the same as stated for GC analyses. Mass spectra were continuously recorded from 40 to 500 m/z. The MS operating parameters were: ionization voltage 70 eV, scan rate 500 amu/s. 13 C NMR spectra of the oils were recorded at 100.58 MHz in CDCl 3 (1:4, v/v), using tetramethylsilane as an internal standard, on a Bruker Avance 400MHz spectrometer and multiplicities were determined by DEPT-135 and DEPT-90 techniques.
C NMR analysis:

Identification of the compounds:
The oil constituents were identified by comparison of the relative retention indices calculated with respect to a homologous series of n-alkanes (C 6 -C 30 , Aldrich Chem. Co. Inc.) [26] with those reported in the literature [27, 28] . Additionally, each mass spectrum obtained was compared with those from the NIST and Wiley databases, and literature [27, 28] . The percentage composition was determined by using the single area percentage method, without considering corrections for response factors. Identification by 13 C NMR was based on comparison of the 13 C NMR signals of the total oil with the 13 C NMR signals for pure compounds compiled in our laboratory and available in the literature [14] . The major compound was unambiguously identified taking into account the number of identified carbons, the number of overlapped signals and the difference of chemical shift of each resonance in the mixture and in the reference spectra. 15546). The oils were tested for antimicrobial activity using the disc diffusion technique on solid media as described by Bauer et al [29] . Sterile, 6 mm diameter Whatman 41 discs containing 2.0 mg and 1.0 mg filter-sterilized oil were placed on plates of Mueller-Hinton agar (Difco), which had been surface spread with 0.2 mL bacteria at a density adjusted to 0.5McFarland turbidity standard. The plates were then incubated at 37 o C for 24 h.
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The results were recorded by measuring the average zones of growth inhibition surrounding the discs, excluding the disc diameter. Standard antibiotic discs as per the requirement of 'laboratory control and antimicrobial therapy' [30] were used in parallel. An antifungal disc diffusion assay was performed by employing the above techniques utilizing Sabouraud's agar and 0.2 mL culture suspension. The plates were incubated at 27 o C for 48 h.
Minimum inhibitory concentrations (MIC) of the oils were determined using the broth micro-dilution method. Test organisms were grown in nutrient broth (Oxoid) overnight and diluted with normal saline to McFarland standard 0.5. The diluted cultures were used to test 100 l aliquots of 1000 μg/ mL stock oil in dimethyl sulfoxide (DMSO), serially diluted two-fold in the wells of a microtiter plate, using sterile nutrient broth as a diluent. Each well was inoculated with 100L of the exponentially growing culture of the test organism and incubated at 37 0 C for 24 h to determine the MIC against bacteria and 48 h against fungal strains. Gentamycin and muconazol in DMSO were used as positive controls.
